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TI Expression patterns and subcellular distribution of the anti-apoptotic 
protein Bag-1 in normal and malignant oral 

epithelium: relation to cellular differentiation and prognosis for oral 
squamous cell carcinoma . 
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AB Apoptosis is a programmed cell death process in which cells commit 
suicide 

under certain environmental conditions. Recent studies suggest that 
apoptosis is controlled by a variety of cellular genes, and dysreguiation 
of these genes plays an important role in the pathogenesis of human 
diseases, including cancer. BAG-1 is a novel anti-apoptotic protein 
isolated by its interaction with another anti-apoptotic protein, Bcl-2. 

It 

binds to several hormone receptors and growth factor receptors and 
modulates their function in apoptosis. However, the role of BAG-1 in the 
oncogenesis of human cervical cancer has yet to be illustrated. In this 
study, we examined the expression of BAG-1 in cervical normal and 
carcinoma cultured cells and tissues. BAG-1 was overexpressed in human 
cervical carcinoma cell lines and tissues. Overexpression was regulated 

at 

the transcriptional level. The increased expression of BAG-1 was 
correlated with enhanced resistance of cervical carcinoma cells to 



apoptosis inducec^^ a DN A- damaging reagent. In aq^^ion, overexpression 

of BAG-1 enhanced^Pe resistance of cervical cell^Js apoptosis. This 
study provided the first evidence that BAG-1 is upregulated in human 
cervical cancer and may play an important role in apoptosis and human 
cervical carcinogenesis. 
TI Overexpression of anti-apoptotic gene BAG-1 in human 
cervical cancer. 
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AB Dysregulation of normal programmed cell death mechanisms plays an 

important role in the pathogenesis and progression of breast cancer, as 
well as in responses of tumors to therapeutic intervention. 

Overexpression 

of anti-apoptotic members of the Bcl-2 family such as Bcl-2 and Bcl-x(L) 
has been implicated in cancer chemoresistance, whereas high levels of 

pro- 

apoptotic proteins such as Bax promote apoptosis and sensitize tumor 

cells 

to various anticancer therapies. Though the mechanisms by which Bcl-2 
family proteins regulate apoptosis are diverse, ultimately they govern 
decision steps that determine whether certain caspase family cell death 
proteases remain quiescent or become active. To date, approximately 17 
cellular homologs of Bcl-2 and at least 15 caspases have been identified 
in mammals. Other types of proteins may also modulate apoptotic responses 
through effects on apoptosis-regulatory proteins, such as BAG-1 - a heat 
shock protein 70 kDa (Hsp70/Hsc70) -binding protein that can modulate 
stress responses and alter the functions of a variety of proteins 
involved 

in cell death and division. In this report, we summarize our attempts 

thus 

far to explore the expression of several Bcl-2 family proteins, 
caspase-3, and BAG-1 in primary breast cancer 

specimens and breast cancer cell lines. Moreover, we describe 
some of our preliminary observations concerning the prognostic 
significance of these apoptosis regulatory proteins in breast 
cancer patients, contrasting results derived from women with 
localized disease (with or without node involvement) and metastatic 
cancer . 

AB ... death and division. In this report, we summarize our attempts 
thus far to explore the expression of several Bcl-2 family 
proteins, caspase-3, and BAG-1 in primary breast 
cancer specimens and breast cancer cell lines. Moreover, 
we describe some of our preliminary observations concerning the 

prognostic 

significance of these apoptosis regulatory proteins in breast 
cancer patients, contrasting results derived from women with 
localized disease (with or without node involvement) and metastatic 
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AB BAG-1 (also known as HAP46) is an anti-apoptotic protein, which has been 
shown previously to interact with a number of nuclear hormone receptors, 
including receptors for glucocorticoid, estrogen, and thyroid hormone. We 
show here that BAG-1 also interacts with retinoic acid receptor (RAR) . 

Gel 

retardation assays demonstrated that in vitro translated BAG-1 protein 
could effectively inhibit the binding of RAR but not retinoid X receptor 
(RXR) to a number of retinoic acid (RA) response elements (RAREs) . A 
glutathione S- transf erase-BAG-1 fusion protein also specifically bound 
RAR but not RXR. Interaction of BAG-1 and RAR could also be demonstrated 
by yeast two-hybrid assays. In transient transfection assays, 
co-transfection of BAG-1 expression plasmid inhibited the transactivation 
activity of RAR/heterodimers but not RXR/ RXR homodimers. When stably 
expressed in breast cancer cell lines, BAG-1 inhibited binding of RAR/ RXR 
heterodimer to a number of RAREs and suppressed RA-induced growth 
inhibition and apoptosis. In addition, RA-induced suppression of Bcl-2 
expression was abrogated by overexpression of BAG-1. These results 
demonstrate that BAG-1 can regulate retinoid activities through its 
interaction with RAR and suggest that elevated levels of BAG-1 
protein could potentially contribute to retinoid resistance in 
cancer cells. 

AB These results demonstrate that BAG-1 can regulate retinoid 

activities through its interaction with RAR and suggest that elevated 
levels of BAG-1 protein could potentially contribute 
to retinoid resistance in cancer cells. 
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AB BAG-1 is a regulator of heat shock protein (Hsp) 70/Hsc70 family proteins 



that interacts wi^^steroid hormone receptors. Th^^cently identified 
BAG-1 long (BAG- lipoprotein, an isoform of BAG 

-1 that arises from translation initiation at a noncanonical CUG codon, 
was co-immunoprecipitated with androgen receptors (AR) from LNCaP 
prostate 

cancer cells and other cell lysates, whereas the shorter 

originally identified BAG-1 and BAG-1M (RAP 4 6) proteins 

were not. BAG- 1 L , but not BAG-1 or BAG-1M (RAP4 6) , also markedly 

enhanced the ability of AR to transactivate reporter gene plasmids 

containing an androgen response element (ARE) in PC3 prostate 

cancer and other cell lines. A C-terminal region deletion mutant 

of BAG-1L failed to co- immunoprecipitate with AR and functioned as a 

trans-dominant inhibitor of BAG-1L, impairing AR-induced transactivation 

of ARE-containing reporter plasmids. In addition, BAG-1L significantly 

reduced the concentrations of 5 . alpha . -dihydrotestosterone (DHT) required 

for AR activity but did not induce ligand-independent transactivation. 

BAG-1L also markedly improved the ability of AR to transactivate reporter 

genes when cells were cultured with DHT in combination with the 

anti-androgen cyproterone acetate. The effects of BAG- 1L on AR could not 

be explained by detectable alterations in the DHT-induced translocation 

of 

AR from cytosol to nucleus, nor by BAG-lL-induced increases in the 
amounts 

of AR protein. These findings implicate BAG-1L in the 
regulation of AR function and may have relevance to mechanisms of 
prostate 

cancer resistance to hormone-ablative and anti-androgen therapy. 
AB regulator of heat shock protein (Hsp) 70/Hsc70 - family proteins 

that interacts with steroid hormone receptors. The recently identified 
BAG-1 long (BAG-1L) protein, an isoform of BAG 

-1 that arises from translation initiation at a noncanonical CUG codon, 
was co-immunoprecipitated with androgen receptors (AR) from LNCaP 
prostate 

cancer cells and other cell lysates, whereas the shorter 

originally identified BAG-1 and BAG-1M (RAP 4 6) proteins 

were not. BAG-1L, but not BAG-1 or BAG-1M (RAP46) , also markedly 

enhanced the ability of AR to transactivate reporter gene plasmids 

containing an androgen response element (ARE) in PC3 prostate 

cancer and other cell lines. A C-terminal region deletion mutant 

of BAG-1L failed to co- immunoprecipitate with AR and functioned as. 

alterations in the DHT-induced translocation of AR from cytosol to 
nucleus, nor by BAG- 1L- induced increases in the amounts of AR 
protein. These findings implicate BAG-1L in the 

regulation of AR function and may have relevance to mechanisms of 
prostate 

cancer resistance to hormone-ablative and anti-androgen therapy. 
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AB BAG-1 is a multifunctional protein that blocks apoptosis and interacts 
with several types of proteins, including Bcl-2 family proteins, the 
kinase Raf-1, certain tyrosine kinase growth factor receptors, and 

steroid 

hormone receptors, possibly by virtue of its ability to regulate the 
Hsp70/Hsc70 family of molecular chaperones. Two major forms of the human 
and mouse BAG-1 proteins were detected by immunoblotting . The longer 

human 

and mouse BAG-1 proteins (BAG-1L) appear to arise through translation 
initiation at noncanonical CTG codons located upstream of and in-frame 
with the usual ATG codon used for production of the originally described 
BAG-1 protein. Immunoblotting experiments using normal tissues revealed 
that BAG-1L is far more restricted in its expression and is present at 
lower levels than the more prevalent BAG-1 protein. Human but not mouse 
tissues also produce small amounts of an additional isoform of BAG-1 of 
intermediate size (BAG-1M) that probably arises through translation 
initiation at yet another site involving an ATG codon. All three isoforms 
of human BAG-1 (BAG-1, BAG-1M, and BAG-1L) retained the ability to bind 
Hsc70. Subcellular fractionation and immunofluorescence confocal 
microscopy studies indicated that BAG-1L often resides in the nucleus, 
consistent with the presence of a nuclear localization sequence in the 
NH2-terminal unique domain of this protein. In immunohistochemical 
assays, 

BAG-1 immunoreactivity was detected in a wide variety of types of cells 

in 

normal adult tissues and was localized to either cytosol, nucleus, or 
both, depending on the particular type of cell. In some cases, cytosolic 
BAG-1 immunostaining was clearly associated with organelles resembling 
mitochondria, consistent with the reported interaction of BAG-1 with 

Bcl-2 

and related proteins. Furthermore, experiments using a green fluorescence 
protein (GFP) -BAG-1 fusion protein demonstrated that overexpression of 
Bcl-2 in cultured cells can cause intracellular redistribution of 
GFP-BAG-1, producing a membranous pattern typical of Bcl-2 family 
proteins. The BAG-1 protein was found at high 

levels in several types of human tumor cell lines among the 67 
tested, particularly leukemias, breast, prostate, and colon cancers. In 
contrast to normal tissues, which only rarely expressed BAG-1L, 
tumor cell lines commonly contained BAG-1L 

protein, including most prostate, breast, and leukemia cell lines, 

suggesting that a change in BAG-1 mRNA translation frequently accompanies 

malignant transformation. 
TI Expression and location of Hsp70/Hsc-binding anti-apoptotic 

protein BAG- 1 and its variants in normal tissues and 

tumor cell lines. 
AB ... overexpression of Bcl-2 in cultured cells can cause 
intracellular 

redistribution of GFP-BAG-1, producing a membranous pattern typical of 
Bcl-2 family proteins. The BAG-1 protein was 

found at high levels in several types of human tumor cell lines 
among the 67 tested, particularly leukemias, breast, prostate, and colon 
cancers. In contrast to normal tissues, which only rarely expressed 
BAG-1L, tumor cell lines commonly contained BAG-1L 

protein, including most prostate, breast, and leukemia cell lines, 
suggesting that a change in BAG-1 mRNA translation frequently accompanies 
malignant transformation. 
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AB Bcl-2 and a Bcl-2-binding protein BAG-1 function in protection from 
apoptosis induced by a variety of stimuli. Deregulated expression of 

Bcl-2 

leads to inhibition of apoptosis and is correlated with development of 
various cancers. Here, we provide evidence that prolonged cell survival 
introduced by overproduction of Bcl-2 or BAG-1 strongly enhances 
peritonea) dissemination of human gastric cancer MKN74 cells. Gene 
transfer-mediated overexpression of Bcl-2 or BAG-1 led to prolonged cell 
survival of MKN74 cells against serum-starved apoptosis and anoikis. When 
the viable transf ectants were inoculated into the intraperitoneal cavity 
of BALB/c nude mice, the Bcl-2-expressing MKN74 cells and the 
BAG-l-expressing MKN74 cells exhibited strongly enhanced peritoneal 
dissemination in BALB/c nude mice and whole disseminated tumor weights 
were increased by 4-fold and 3.3-fold, respectively, compared with the 
control transf ectants . The enhanced peritoneal dissemination of 
MKN74-Bcl-2 and MKN74-BAG-1 transf ectants correlated well with resistance 
to cell death induced by serum-starvation and anoikis. However, the 
overexpression of Bcl-2 or BAG-1 caused no significant difference among 
the transfectants in cell growth rates, either in vitro or in vivo. Taken 
together, these studies demonstrate that resistance to apoptosis is a 
crucial factor for development of peritoneal dissemination of human 
gastric cancer cells. 

IT Major Concepts 

Tumor Biology 

IT Chemicals & Biochemicals 
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AB Previously, a Bcl-2-interacting protein, BAG-1, was cloned from mouse 
cells and was shown to interact with several other proteins and to be 
important for inhibition of apoptosis. Human BAG-1 (hBAG-1) cDNA, 

recently 

isolated by us and two other groups, has been shown to be identical to a 
hormone receptor-binding protein, RAP4 6. However, different molecular 
masses of hBAG-1 protein products were noted by these three groups. Here 
we demonstrated that hBAG-1 protein was expressed as four isoforms, 
designated p50, p46, p33 and p29, with apparent molecular masses of 50 
kDa, 46 kDa, 33 kDa and 29 kDa, respectively. Deletion, site-directed 
mutagenesis and in vitro transcription/translation analysis showed that 
the four protein products of hBAG-1 were expressed by alternative 
initiation from four different start codons through a leaky scanning 
mechanism. Furthermore, we demonstrated that the distinct forms of hBAG-1 
have different subcellular localizations, suggesting that they may have 
distinct functions in the cells. Characterization of hBAG-1 RNA and 
protein also showed that hBAG-1 was overexpressed in human cervical, 
breast and lung cancer cell lines. Taken together, these data clarify the 
conflicting observations reported in the literature and suggest that 
hBAG-1 is expressed as four forms of protein products, which may play a 
differential role in apoptosis and oncogenesis of human cells. 
TI Human BAG-1/RAP4 6 protein is generated as four 

isoforms by alternative translation initiation and overexpressed in 
cancer cells. 
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AB The mechanisms of^^prcinogenesis and cancer develc^^fcnt have recently 
been 



ex 

role 
have 



clarified at the molecular level. It is now possible to develop a cancer 
therapy to regulate the expression of a molecule as a therapeutic target. 
MUC1 mucin is considered to be an important therapeutic target molecule 
from two viewpoints. One is the inducibility of HLA-unrestricted and 
MUCl-specif ic cytotoxic T lymphocytes in various cancer patients. Their 

vivo expansion against autologous MUC1 cDNA transfected B-cells is 
expected to be applicable for cancer therapy. The other is a possible 

of MUC1 mucin in cancer invasion. Recent immunohistochemical findings 



suggested that MUC1 is predominantly expressed in a type of invasive 
cancer. Both in vitro and in vivo invasiveness of gastric cancer MKN74 
cells was increased by MUC1 cDNA transf ection . KAI1 was cloned as a 
metastasis suppressor gene for prostate cancer. Recent evidences have 
suggested that KAI1 may behave as a metastasis suppressor in various 
cancers other than prostate cancer. Decreased motility and 
invasiveness of colon cancer cells resulted in KAI1 cDNA 
transf ection . Bcl-2 is known to inhibit apoptosis from a variety of 
stimuli. A Bcl-2- binding protein BAG-1 also functions 

to protect against apoptosis in concert with Bcl-2. We provided evidences 
that prolonged cell survival introduced by overexpression of Bcl-2 or 
BAG-1 proteins strongly promotes experimental pulmonary 
metastasis of melanoma cells. The development of more effective 
regulators for those gene expressions and of vectors with targeting 
function will facilitate clinical application of molecular targeting 
therapy for cancer. 

AB ... prostate cancer. Recent evidences have suggested that KAI1 may 
behave as a metastasis suppressor in various cancers other than prostate 
cancer. Decreased motility and invasiveness of colon 
cancer cells resulted in KAI1 cDNA transf ection . Bcl-2 is known to 
inhibit apoptosis from a variety of stimuli. A Bcl-2- binding 
protein BAG-1 also functions to protect against 

apoptosis in concert with Bcl-2. We provided evidences that prolonged 



cell 



survival introduced by overexpression of Bcl-2 or BAG-1 

proteins strongly promotes experimental pulmonary 

metastasis of melanoma cells. The development of more effective 

regulators for those gene expressions and of vectors with targeting 

function will. 
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AB The expression of several apoptosis-regulating genes was evaluated in 9 
human breast cancer cell lines, 2 immortalized human mammary epithelial 
lines, 1 normal breast tissue biopsy, and 3 primary breast tumors, using 

a 

multiple antigen detection (MAD) immunoblotting method. The 
anti-apoptotic proteins Bcl-2, Bcl-XL Mcl-1, and BAG-1 were present at 
immunodetectable levels in 7, 10, 10, and 9 of the 11 lines. Comparing 
these 11 cell lines among themselves revealed that steady-state levels of 
Bcl-2, Bcl-XL Mcl-1, and BAG-1 were present at relatively higher levels 

in 



4, 6, 5, and 5 of {^m lines, resp. In contrast, t^^>ro-apoptotic 

proteins Bax and S^were detected in all 11 cell ^ffes, and were present 
at relatively higher levels in 10 and 5 of the 11 lines, resp. The 
Interleukin-1 .beta, converting enzyme (ICE) homolog CPP32 (Caspase-3) was 
expressed in 10/11 breast cell lines. High levels of p53 protein, 
indicative of mutant p53, were found in 8 of the 11 lines and correlated 
inversely with Bax expression. Bcl-2 and BAG-1 protein levels were pos . 
correlated. Immunoblot anal, of primary adenocarcinomas revealed 
expression of the anti-apoptotic proteins Bcl-2, Bcl-XL Mcl-1, and BAG-1, 
as well as the pro-apoptotic proteins Bax, Bak, and CPP32, in at least 2 
of the 3 tumors examd. Immunohistochem. anal, was also performed for all 
of these proteins using 20 paraffin-embedded breast cancer biopsy 
specimens that all contained residual normal mammary epithelium in 
combination with both invasive cancer and carcinoma in situ. All of 

these 

apoptosis-regulating proteins were detected in primary breast cancers, 
though the percentage of immunopos . tumor cells varied widely in some 
cases. Comparisons of the intensity of immunostaining in normal mammary 
epithelium and invasive carcinoma suggested that Bcl-2 immunointensity 
tends to be lower in cancers than normal breast epithelium, whereas CPP32 
immunointensity was generally higher in invasive cancers. The results 
demonstrate expression of multiple apoptosis-modulating proteins in 
breast 

cancer cell lines and primary tumors, suggesting complexity in the 
regulation of apoptosis in these neoplasms of mammary epithelial origin. 
IT Proteins (specific proteins and subclasses) 

RL: BOC (Biological occurrence); BIOL (Biological study); OCCU 
(Occurrence) 

(gene BAG-1; expression of multiple 

apoptosis-regulatory genes in human breast cancer cell lines 
and primary tumors) 
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AB Apoptosis plays an important role in various biological processes 

including embryogenesis , differentiation, homeostasis, and oncogenesis. 

We 

have developed a system composed of primary human endocervical cells 
(HEN), HEN immortalized by human papillomavirus (HPV) type 16, and their 
counterparts subsequently malignantly transformed by cigarette smoke 
condensate (CSC) . To understand the role of apoptosis in the multistep 
oncogenesis of human cervical cells, we examined the expression of 
apoptosis-associated proteins in our in vitro model system. The results 
showed no significant difference in the levels of apoptosis-inducing 
proteins bak and bax among all the cell types examined. On the other 

hand, 

the levels of apoptosis-inhibiting proteins bcl-2, bcl-xL and BAG-1 
increased progressively after immortalization and transformation. The p53 
protein level decreased in the HPV16-immortalized HEN and increased in 

one 

of two lines of the CSC-transf ormed HEN. Further, the increased levels of 
apoptosis-inhibiting proteins in the HPV16-immortalized and the 



CSC-transformed H^^porrelated with progressively ^•reased resistance of 
these cells to ap^rosis induced by staurosporine ^^cisplatin. This 

study 

provided the first evidence that overexpression of apoptosis-inhibiting 
proteins is important for both multistep oncogenesis and resistance of 
human endocervical cells to apoptosis induced by DNA-damaging reagents 
IT ... 

damage-induced apoptosis resistance correlation, enhanced tumor cell 
expression; bcl-2 anti-apoptotic protein: DNA damage-induced apoptosis 
resistance correlation, enhanced tumor cell expression; BAG-1 
anti-apoptotic protein: DNA damage-induced apoptosis 
resistance correlation, enhanced tumor cell expression 
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TI Anti-cell death activity promotes pulmonary metastasis of melanoma 
cells . 

AU Takaoka A.; Adachi M. ; Okuda H.; Sato S.; Yawata A.; Hinoda Y.; Takayama 

S. ; Reed J.C. ; Imai K. 
CS M. Adachi, First Department Internal Medicine, Sapporo Medical 
University, 
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SO Oncogene, (1997) 14/24 (2971-2977). 
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AB Bcl-2 inhibits apoptosis from a variety of stimuli, and a Bcl-2-binding 

protein BAG-1 also functions in protection from apoptosis in concert with 
Bcl-2. Here, we provide evidence that prolonged cell survival introduced 
by overexpression of Bcl-2 or BAG-1 proteins strongly 
promotes experimental pulmonary metastasis of melanoma B16-BL6 
cells. In murine melanoma cell line B16-BL6, gene transfer-mediated 
expression of the Bcl-2 or BAG-1 led to prolonged cell survival against 
serum-starved apoptosis in vitro. The Bcl-2-expressing B16 cells, 
B16-Bcl-2 and the BAG-l-expressing B16 cells, B16-BAG-1 strongly enhanced 
pulmonary metastasis in allogenic BALB/c nude mice and whole lung weights 
were increased by 2.4-fold and 1.4-fold, respectively, compared with 
control transf ectants, suggesting that Bcl-2 is a stronger positive 
modulator of metastasis. When the viable B16-Bcl-2 and control 
transf ectants were injected subcutaneously into BALB/c nude mice, the 
colony numbers of pulmonary metastasis of the B16-Bcl-2 transfectant 
increased by 5.6-fold compared with the control transf ectants . These 
enhanced metastatic potentials in the B16-Bcl-2 and the B16-BAG-1 
transf ectants were well correlated with anti-cell death activity against 
serum-starvation and enhanced cell viability on limiting dilution. 
Analysis of the transf ectants however revealed that their growth rates, 
invasive ability and cell motility were not significantly altered by 
overexpression of either Bcl-2 or BAG-1 proteins. 

Taken together, these studies demonstrate that prolonged cell survival is 
a crucial factor to promote metastasis of melanoma, thereby 
contributing to tumor progression. 
AB ... from apoptosis in concert with Bcl-2. Here, we provide evidence 
that prolonged cell survival introduced by overexpression of Bcl-2 or 
BAG-1 proteins strongly promotes experimental pulmonary 
metastasis of melanoma B16-BL6 cells. In murine melanoma cell line 
B16-BL6, gene transfer-mediated expression of the Bcl-2 or BAG-1 led to. 
revealed that their growth rates, invasive ability and cell 

motility 

were not significantly altered by overexpression of either Bcl-2 or 
BAG-1 proteins. Taken together, these studies 

demonstrate that prolonged cell survival is a crucial factor to promote 
metastasis of melanoma, thereby contributing to tumor 
progression . 
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TI Characterization of the subcellular location of BAG-1 
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AB The invention describes that apoptin fails to induce apoptosis in human 
normal cells, and that when normal cells are transformed, they become 
susceptible to the apoptin-induced apoptosis. Apoptin induces in various 
human tumor cells a p53-distinct type of apoptosis, and cannot be blocked 
by a variety of apoptosis-inhibiting agents. The invention comprises an 
anti-tumor agent which specifically kills tumor cells and not normal 
cells. It further provides the induction of cell death by means of gene 
therapy. Apoptin can induce apoptosis in non-human animal tumor cells. 
In normal cells apoptin was found predominantly in the cytoplasm, while 

in 

tumor cells it was located in the nucleus. The invention further 
comprises a diagnostic test for the detn. of cell-transforming activity. 
IT Proteins (specific proteins and subclasses) 

RL: BAC (Biological activity or effector, except adverse); BIOL 
(Biological study) 

(Bag-1; apoptin in induction of p53-independent apoptosis in 
transformed cells, use in tumor therapy, apoptin 

localization, and diagnostic test for cell-transforming activity) 
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